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7KHTXDOLW\VWDQGDUGVLPSRVHGWRWKHYDULRXVFDWHJRULHVRIZDWHUXVHGLQLQGXVWU\FRYHUDYHU\EURDGUDQJHIURP










VHYHUH SDWKRJHQLF FRQWDPLQDWLRQ 7KH LQGXVWULDO ZDVWHZDWHU FDQ EH GLVFKDUJHG WR WKH VHZHUDJH V\VWHP RU LQ WKH
UHFHLYHU RI FRXUVH ZKHUH DSSURSULDWH DIWHU SUHWUHDWPHQW 6PDOO IORZV RI LQGXVWULDO ZDVWHZDWHUV DUH GLVFKDUJHG
PRVWRIWHQLQWKHXUEDQVHZHUDJHV\VWHPWKHLUWUHDWPHQWEHLQJPDGHZLWKPXQLFLSDOZDVWHZDWHU7KLVVROXWLRQFDQ
EHDSSOLHGRQO\LIWKHLQGXVWULDOZDVWHZDWHUGRHVQRWSUHVHQWWKHULVNRIGHJUDGDWLRQRUREVWUXFWLRQRIWKHVHZHUDJH




WKH ZDWHU ZKLFK LV GLVFKDUJHG LQWR WKH HQYLURQPHQW :DWHU SXULILFDWLRQ LV D FRPSOH[ SURFHVV RI UHWHQWLRQ DQG
QHXWUDOL]DWLRQRIKDUPIXOVXEVWDQFHVZKLFKDUHGLVVROYHGLQFROORLGDOVWDWHRUVXVSHQVLRQVWDWHZKLFKDUHSUHVHQWLQ
LQGXVWULDOZDVWHZDWHU7KHVHZDWHUVDUHQRWDFFHSWHGLQWKHDTXDWLFHQYLURQPHQWZKHUH WUHDWHGZDWHULVGLVFKDUJHG
DQG WKH\ DOORZ UHVWRUDWLRQ RI SK\VLFRFKHPLFDO SURSHUWLHV RI ZDWHU EHIRUH XVH :DVWHZDWHU WUHDWPHQW SURFHVVHV
SHUIRUPHGE\VSHFLDOL]HGSODQWV WKDWXVHDGYDQFHG WHFKQRORJLHVDQGPRGHUQ UHOLDEOHDQGHIILFLHQWHTXLSPHQW >@
FRQWULEXWHVWRDFKLHYLQJDQGPDLQWDLQLQJZDWHUTXDOLW\
7R HQVXUH ZDWHU TXDOLW\ FRQGLWLRQV ZKLFK LV D VHULRXV SUREOHP DW QDWLRQDO OHYHO DOWKRXJK WKHUH DUH RWKHU
(XURSHDQFRXQWULHV IDFLQJWKHVDPHSUREOHPLVQHFHVVDU\WRFRPSO\ZLWK(8UHTXLUHPHQWVLPSRVHGE\(XURSHDQ
'LUHFWLYH(&ZKLFKSURSRVHVDSROOXWLRQFRQWUROVWUDWHJ\E\GHILQLQJTXDOLW\VWDQGDUGV7UDFNLQJZDWHU
TXDOLW\ LV QHHGHG WR SURWHFW HFRV\VWHPV DQG KXPDQ KHDOWK      QRW RQO\ EHFDXVHZDWHUPXVW EH
SUHVHQWLQVLJQLILFDQWTXDQWLWLHVEXWLWPXVWPHHWFHUWDLQTXDOLW\FULWHULD>@
*OREDO(QYLURQPHQWDO0DQDJHPHQW6HUYLFHV *(06 LVD8QLWHG1DWLRQVERG\ZKLFK SURYLGHV WUDFNLQJZDWHU
TXDOLW\SDUDPHWHUV LQ WKUHHFDWHJRULHV >@RIEDVLFSDUDPHWHUV WHPSHUDWXUHS+FRQGXFWLYLW\GLVVROYHGR[\JHQ
FRFFREDFLOOXV FRQWHQW SDUDPHWHUV LQGLFDWLQJ SHUVLVWHQW SROOXWLRQ FDGPLXP PHUFXU\ RUJDQRKDORJHQDWHG
FRPSRXQGV DQG PLQHUDO RLOV RSWLRQDO SDUDPHWHUV WRWDO RUJDQLF FDUERQ ELRFKHPLFDO R[\JHQ GHPDQG DQLRQLF
GHWHUJHQWVKHDY\PHWDOVDUVHQLFFKORULQHVRGLXPF\DQLGHRLOWRWDOVWUHSWRFRFFL>@
,QGXVWULDO ZDVWHZDWHU FDQ EH GLVFKDUJHG LQWR WKH VHZDJH V\VWHP RU LQ UHFHLYHUV ZKHUH DSSURSULDWH DIWHU SUH
WUHDWPHQWRUWUHDWPHQW
0RVW FLWLHV WDNH WKHLU LQGXVWULDO ZDVWHZDWHU LQ VHZDJH V\VWHPV EDVHG RQ VSHFLILF UHJXODWLRQ DIWHU VXIILFLHQW
UHVHDUFKDQGEDVHGRQDIHHZKRVHDPRXQWLVGHWHUPLQHGE\WKHDPRXQWDQGGHJUHHRIFRQWDPLQDWLRQRIWKHVHZDWHUV
,W LV LPSRUWDQW IRU LQGXVWULDOZDVWHZDWHU FKDQQHOV QRW WR KDYHKDUPIXO SURSHUWLHVZKLFKPD\ DIIHFW WKH VPRRWK
IXQFWLRQLQJRIWKHVHZHUDJHQHWZRUNDQGWKHWUHDWPHQWSODQW>@6RPHWLPHVWKHWUHDWPHQWRIPXQLFLSDOZDVWHZDWHU
DQG WKDWRI LQGXVWULDOZDWHUFDQQRWEHGRQHVLPXOWDQHRXVO\EHFDXVH LQ VRPH LQGXVWULDOZDWHU WKHUHDUH VXEVWDQFHV
ZKLFK LQKLELW WKH WUHDWPHQW SURFHVVHV 7KHUHIRUH WKH 173$  UHJXODWLRQV UHJDUGLQJ WKH FRQGLWLRQV RI
ZDVWHZDWHUGLVFKDUJHLQWKHORFDOVHZHUDJHQHWZRUNVDQGWUHDWPHQWSODQWV$QQH[RIWKH*RYHUQPHQWDO5HVROXWLRQ
RISURKLELWVWKHGLVFKDUJHRIVXVSHQGHGPDWWHUZKRVHTXDQWLW\VL]HDQGQDWXUHLVDQHURVLYHIDFWRU
IRU VHZHUV FDXVLQJ GHSRVLWV RU LPSHGLQJ WKH QRUPDO IORZ RI ZDVWHZDWHU 7KHUH DUH LQGXVWULDO ZDWHUV FRQWDLQLQJ










DQG SK\VLFRFKHPLFDO RSHUDWLRQV ZKLFK DLP WR HQVXUH WKH EHVW WHFKQLFDO FRQGLWLRQV IRU VXJDU H[WUDFWLRQ DQG
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 O  V 7KHZDVWHZDWHU WUHDWPHQW VWDWLRQ KDV D PHFKDQLFDO ELRORJLFDO WUHDWPHQW WHFKQRORJ\ XVLQJ ZLWK QDWXUDO
GHK\GUDWLRQ RI SULPDU\ PXG ZKLFK LV IRXQG LQ H[FHVV RQ GHK\GUDWLRQ SODWIRUPV 7KH TXDOLW\ LQGLFDWRUV IRU








GHWHUPLQH S+ YDOXHV WRWDO VXVSHQVLRQV &2' %2' 1+  DQG ZHHNO\ WR GHWHUPLQH WKH QLWULWH FRQWHQW RI
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'XULQJRYHUKDXODQGFDPSDLJQSHULRGV WKH WUHDWPHQWSODQW LV VXSSOLHGZLWKZDWHU UHVXOWLQJ IURPGRPHVWLFDQG
LQGXVWULDOZDWHULQWKHFLW\RI/XGXúLQFOXGLQJGRPHVWLFDQGLQGXVWULDOZDWHUIURPWKHVXJDUSODQW,WLVQDWXUDOWKDW
WKHTXDOLW\ YDOXHVRIZDWHU HQWHULQJ WKHSODQW VKRXOG LQGLFDWHXVHGZDWHU WDEOH DQG EXW WKHREMHFWLYHRI WKH
WUHDWPHQW SODQW LV WR EULQJ ZDWHU YDOXHV WR  EHORZ QRUPDO EHIRUH LW LV GLVFKDUJHG LQ WKH HQYLURQPHQW DQG WKH
REMHFWLYHZDVIXOILOOHG1RWHWKHFRQWHQWRIZDVWHZDWHUHQWHULQJWUHDWPHQWSODQWLQWKHSHULRG6HSWHPEHU±'HFHPEHU
LQFRPSDULVRQZLWKWKHSHULRG-DQXDU\±$XJXVW
7KH VLWXDWLRQ LVSULPDULO\GXH WRRUJDQLFPDWWHUV YHJHWDEOHZDVWHVDQGVRLOZKLFK UHPDLQDIWHUZDVKLQJEHHW
URRW WKHVH LQIOXHQFH WKH YDOXHV RI WKH RWKHU LQGLFDWRUV S+ &&2&U &%2 1+Ά GXH WR ELRFKHPLFDO SURFHVVHV
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)LJSUHVHQW WKHFRPSDUDWLYHVLWXDWLRQRIS+&&2&UYDOXHV WRWDOVXVSHQVLRQV&%21+ΆZKHQ OHDYLQJ
WUHDWPHQWSODQW
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7KHH[LVWHQFHRI UHJXODWLRQV VHWWLQJ WKHTXDOLWDWLYHFRQGLWLRQVRIZDWHURQYDULRXV OLQHVRU WHFKQRORJLF IORZV LV
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